Purpose -Innovation has been recognized as one of the main sources of competitive advantage for organizations and nations. The purpose of this study is to present an innovation management measurement approach applying fuzzy techniques to small and medium manufacturing enterprises.
Introduction
J. Schumpeter (1934) proposed the first study of innovation as a dynamic concept for economic development and economic progress. Since then, a plethora of definitions for innovation have appeared, e.g., the department of trade and industry of the UK defines that innovation is the successful exploitation of new ideas (Branson, 1988) , while the Oslo Manual (OECD, 2005) states that innovation is the implementation of a new or significantly improved product (good or service), process, marketing method, or organizational method in business practices, workplace organization or external relations.
Over the past six decades, the literature concerning innovation management has experienced constant evolution (Drejer, 2002; Keupp et al., 2012; Tidd, 2001) . Much of the interest centers on the idea that innovation is a driver for competitiveness (see, e.g., Porter, 1990) , and some of its positive effects include increases in sales and market share, productivity improvement, and efficiency in operations.
The late 1970s saw the emergence of a focused interest in the study of innovation management in small and medium sized enterprises (SMEs). Increasing attention received by SMEs has been primarily triggered by the dynamism they generate in the countries' economies (Wolff and Pett, 2006) , increase in employment rates (Birch, 1989) , and especially in their ability to perform remarkable innovations (Fritz, 1989; Keizer et al., 2002) . The sustainable introduction of innovations by SMEs strengthens the position of industry and generates profits above the average in the market (Porter, 1980 ). An interesting issue in innovation management is its measurement (Gimbert et al., 2010; Simons, 1990) . Approximately 40 years ago, only input indicators were analyzed, e.g., spending on research and development (R&D), number of acquired patents and the amount of highly qualified human resources. Currently, the concept has advanced toward consideration of innovation measurement as a system, e.g., the approach of the holistic framework of innovation management measurement suggested by Adams et al. (2006) , the consolidation of theories around innovation and its measurement by Crossan and Apaydin (2010) , and the empirical study undertaken by Edison et al., (2013) .
The main objective of innovation measurement is to systematically determine whether the resources committed to innovation activities within companies are justified. This allows the revision of a firm's innovation goals and objectives and the most adequate set of incentives for its promotion and management (Cordero, 1990) . However, this measurement is complex because there is no single or main trend to assess the extent of innovation, plus the information regarding the concept is highly subjective and uncertain (Alfaro-García et al., 2015; Frenkel et al., 2000) .
The aim of this paper is to present a methodological structure for the measurement of innovation management in manufacturing SMEs under a fuzzy approach. This is an original methodology that first presents a survey designed to evaluate the opinions of SME managers around the seven key innovation measurement areas proposed by Adams et al. (2006) : innovation strategy, knowledge management, project management, portfolio management, internal drivers, organization and structure, and external drivers. The process used to analyze the subjective information retrieved from the survey is a multicriteria decision-making problem employing two models. The first is the theory of expertons (Kaufmann and Gil-Aluja, 1993; Kaufmann, 1988) ; the main advantage of this tool is the complete consideration of group information, including all of the individual opinions, and the production of a final single result. The second is the application of the induced generalized ordered weighted averaging (IGOWA) operator (Yager, 2004) to aggregate the expertons results. The objective of the IGOWA operator is the aggregation of information considering different degrees of importance to the arguments included in the problem. It has been observed that aggregation operators are useful when there is a need to assess information in a more efficient way than can be accomplished through traditional averaging (Emrouznejad and Marra, 2014) .
The article is structured as follows. Section 1 presents the preliminaries of the study, considering the innovation management measurement literature, the theory of expertons and the IGOWA operator. Section 2 discusses the methodology and the results of the survey. Section 3 presents the application of the theory of expertons and IGOWA analysis to our specific problem. Finally, Section 5 summarizes the main conclusions of the article.
Preliminaries
In this section, we briefly review some basic concepts regarding the innovation management measurement, the theory of expertons and the induced generalized ordered weighted aggregation operator.
Innovation management measurement
This study takes the proposal developed by Adams et al. (2006) as the primary innovation measurement reference. The framework developed by Adams et al. (2006) is based on a review of six models and frameworks of innovation measurement (Burgelman et al., 2009; Chiesa et al., 1996; Cooper and Kleinschmidt, 1995; Cormican and O'Sullivan, 2004; Goffin and Pfeiffer, 1999; Verhaeghe and Kfir, 2002) . It should be noted that from the seven main areas outlined by the authors, a framework for measuring innovation has been adapted. This approach, which is based on the theory of dynamic capabilities (Teece et al., 1997; Pavlov and El Sawy, 2011) , has been widely adopted to measure, model and describe innovation management performance, e.g., a theoretically based framework for innovation capabilities measurement in SMEs (Saunila, 2016) ; empirical research of process innovation activities and mechanisms in manufacturing and service firm performance (Piening and Salge, 2015) ; a four staged multi-dimensional process-based innovation performance measurement scheme (Dewangan and Godse, 2014) ; and an innovation index to benchmark innovation capabilities in SMEs (Galvez et al., 2013) .
The first innovation measurement area (IMA) is innovation strategy in firms. Studies have suggested that inefficiencies in processes can be reduced by maintaining an innovation strategy integrated to the culture, behavior and actions of an organization (O'Brien, 2003) . Therefore, when assessing the area of innovation strategy in a firm, it is relevant to analyze factors such as long-term administrative commitment and the direct location of resources toward innovation efforts (Cooper et al., 2004) , the link between key business objectives and leadership created by a shared and robust vision along the organizational structure (Pinto and Prescott, 1988) , the risk aversion level of the board, and the pro-activity of the direction as well as their persistence and commitment to innovation (Saleh and Wang, 1993) . Moreover, empirical studies have demonstrated that appropriate formulation, implementation and monitoring of an innovation strategy for the firm can assure the development of strategic capabilities (Vicente et al., 2015) .
The second IMA is knowledge management. This includes the management of explicit and implicit knowledge within organizations (Nonaka, 1991) , as well as the process of collection and use of such information. It is therefore worth determining the level of absorptive capacity (AC), understood as the ability to recognize the value of new knowledge from ideas generated within the company (Chiesa et al., 1996; Valentim et al., 2015) or obtained from external connections with other companies or information resources (Atuahene-Gima, 1995; Tipping et al., 1995; Chang et al., 2013) , as well as the assimilation and application of knowledge to commercial activities (Cohen and Levinthal, 1990 ).
The third IMA considers project management. The literature agrees on the importance of the relationship between innovation and efficiency along with its impact on business performance when managing projects (Spieth and Lerch, 2014) . Commonly, such a relationship is measured in terms of cost, duration and return on investment (Adams et al., 2006; Chiesa et al., 1996; Lichtenthaler, 2016) . Additionally, it is interesting to know the extent of the internal communication of the implicated areas when developing a new product (Damanpour, 1991) , as well as collaboration with suppliers (Bessant, 2003) and customers (Von Hippel, 1986) given their identification as sources that contribute to the innovation process.
The fourth IMA is new product portfolio management. Given the fast changing environment in which SMEs govern their production activities, the effectiveness in which an organization manages its new products portfolio is often a key determinant of competitive advantage (Bard et al., 1988) . It is important to know the extent to which firms base their operations on systematized processes that are guided by clear criteria, as doing so facilitates the optimal use of limited resources and improves an organization's competitive position (Hall and Nauda, 1990) . Furthermore, highly competitive companies use formal tools applied consistently to all developing projects of a given portfolio (Cooper et al., 1999) and the selection of the product to be developed must be a rational and objective choice based on a systematized path of multi-criteria dimensions (Jugend and Da Silva, 2013) .
The fifth IMA includes all internal drivers, which can be defined as entry systems and tools for the innovation process (Adams et al, 2006) . According to the literature, internal drivers provide a competitive advantage for companies that use them formally (Bessant and Francis, 1997; Cooper et al., 2004) . In that order of ideas, it is important to know and measure the timeliness in which organizations allocate resources (both financial resources and personnel) to product development and the efficiency of that process (Hinckeldeyn et al., 2015) The organization and structure of the firm is the sixth IMA. It is generally accepted that companies can create work environments that promote the innovation process . In that sense, it is necessary to know the intensity with which companies maintain their organizational structure aligned with their project management processes (Pugh et al., 1969) ; it is also necessary to measure the freedom that workers experience while generating ideas from experimentation, the conception of mistakes as a source of expertise (Anderson and West, 1996; Zien and Buckler, 1997) and the general creativity supporting work environment of the firm (Dul and Ceylan, 2014) .
The seventh and last IMA are the external drivers. This area measures the intensity with which a company launches its products to the market (Calantone and Benedetto, 1988; Globe et al., 1973) , i.e., market research, testing and development adapted to a systematic marketing program (Griffin and Page, 1993) . It additionally measures the way firms reach the consumer, formal post-sale operations (Atuahene-Gima, 1995; von Zedtwitz, 2002) and technology and marketing synergy, which has been empirically demonstrated to have an influence on product performance (Huang and Tsai, 2014) .
The theory of expertons
The theory of expertons (Kaufmann and Gil-Aluja, 1993; Kaufmann, 1988) suggests that in order to obtain realistic data from phenomena that are not directly measurable, an aggregated set of valuations given by experts is useful. Note that the experton is a concept issued from theories of fuzzy sets, intervals of confidence and random sets.
An experton is an extension of the probabilistic set (Hirota, 1981) , where an interval of probabilities is obtained for each level ∈ [0,1] from the valuation of several experts (Kaufmann, 1990 ). An experton is a generalization of a probabilistic set when cumulative probabilities are replaced by intervals, which decrease monotonically. Moreover, a probabilistic set is a generalization of a fuzzy set, which in turn is a generalization of an ordinary set. Kaufmann (1988) , mathematically describes an experton as follows:
Assume is a referential set, finite or not; experts are asked to give their own subjective opinion about each element of by an interval of confidence given by:
where ⊂ is the set inclusion and is the th expert.
Then, a statistic that concerns for each ∈ the lower bounds in one way and the upper bound in the other, a cumulative complementary law * ( , ) is established for the * ( ) and * ( , ) is established for the * ( ). From that process, we obtain:
where symbol ̃ is the nature of the concept.
The referential set is the following experton:
The empty experton is then given by:
Finally, the experton can be reduced to a single representative value by decreasing the results' entropy. This process is useful when a final consideration or interpretation of phenomena is needed. In this case, the most common way to reduce the entropy of an experton can be obtained by calculating the mathematical expectation of the probabilistic set.
Expertons ease group decision-making by providing quantitative data retrieved directly from the dialog maintained with several experts surrounding a certain phenomenon. In general, this approach allows an interesting tool for the aggregation of information, unifying different views or expectations of groups with different interests.
Moreover, the model allows recognition of the levels of distribution in the aggregate values of the characteristic membership function.
Aggregation operators in decision-making
The wide range of problems that aggregation operators reach, especially in the areas of economics, statistics and engineering, has generated increasing interest in the literature (Emrouznejad and Marra, 2014 ). An extensive number of applications with aggregation operators have been proposed (Beliakov et al., 2007; Torra and Narukawa, 2007; Yager et al., 2011) .
One of the most common methods is the ordered weighted averaging (OWA) operator (Yager, 1988) . This operator aggregates information by establishing a weighting vector that gives a specific degree of importance to the ordered arguments presented in the problem. Since its appearance, the OWA operator has been applied in numerous applications (e.g., Yager and Kacprzyk, 1997) An interesting generalization of the OWA operator is the induced generalized ordered weighted aggregation (IGOWA) operator (Merigó and Gil-Lafuente, 2009 ). This aggregation operator shares the main characteristics of the OWA operator; the main difference is the introduction of order-induced variables, which generate a new reordering mechanism of the arguments (Yager and Filev, 1999) , thus considering higher complexity in the attitudinal characteristics of the decision makers (Chen and Chen, 2003; Wei, 2009; Xu, 2006; Yager, 2003) . The IGOWA operator can be defined as follows: 
where ( The IGOWA operator has been applied in financial decision-making processes (Merigó and Gil-Lafuente, 2009; Merigó and Casanovas, 2011) , but the parameterized families of the operator, including the window induced generalized ordered weighted aggregation (Window-IGOWA) operator, the olympic induced generalized ordered weighted average (Olimpic-IGOWA) operator, the step induced generalized ordered weighted (S-IGOWA) operator, among others (see Merigó and Gil-Lafuente, 2009 ), could be employed in diverse fields of knowledge, including engineering, economics, or statistics. In our particular case, we use the IGOWA operator in a multi-criteria decisionmaking problem considering the aggregation of an expert's subjective opinions regarding innovation management.
Methodology
In this section, we present the methodology employed to develop the survey and the data gathering.
The survey included a total of 32 statements. Each statement can be answered by an endecadary interval of 11 equidistant positions [0,1], with 0 being complete disagreement with the statement, and 10 being complete agreement with the suggested statement (see Kaufmann, 1990) . Note that all of the statements were selected from previously tested studies in innovation management diagnostics or innovation management audits (Chiesa et al., 1996; CIDEM, 2002) . Note also that the 32 questions are categorized in the seven key innovation measurement areas proposed by Adams et al. (2006) . The original survey was pilot tested by nine experts in innovation management: three academicians from the Universidad Michoacana de San Nicolás de Hidalgo, two academicians from the University of Barcelona and four local entrepreneurs. Seven responses were retrieved.
With that information, the survey was improved.
The goal of the research was to obtain the largest pool of information possible from the manufacturing SMEs located in the city of Morelia, México. To achieve this goal, we revised the national statistical directory of economic units (INEGI, 2015) to find the total number of companies that matched the selected profile. A total of 182 active small and medium sized manufacturing firms were found. Then, a team was created and capacitated with the aim of personally surveying the 182 SMEs; this team included 39 students and three professors. The data were collected from January to July 2015. The intended respondents of the survey were the general managers of the SMEs. If the general manager was not available, then the production manager responded to the survey. From a total of 182 surveyed firms, 91 valid responses were retrieved, i.e., a response rate of 50%. From those 91 companies that adequately responded to the survey, 78% are classified as smallsized businesses and 12% as medium-sized companies. Additionally, general information was collected from participating SMEs, including type of industry, actual size of the organization and electronic address. The general characteristics of the survey are described in Table 1 . Please note that the sample combines the small and medium sized manufacturing firms. Note also that a small enterprise is characterized as having a minimum of 11 employees and a maximum of 50, while medium sized manufacturing firms are characterized as having a minimum of 51 employees and a maximum of 250 employees (INEGI, 2009) . A manufacturing firm is defined as an economic and legal unit under a single proprietary or controlling entity that is primarily engaged in industrial activities for public sales and has an operational structure divided into branches or a single physical location (INEGI, 2010).
Results

Validation of the survey
Two statistical analyses were applied to validate the information retrieved from the survey. The first is a reliability analysis describing the properties of the scales used within the survey. The second is a discriminant test to validate the constructed variables.
Of the diverse procedures for conducting reliability analysis (Campbell and Russo, 2001; Carmines and Zeller, 1979) , in this study, we applied Cronbach's alpha coefficient of reliability. This test was applied to the 32 statements included in the survey, each of which was characterized in the seven innovation management areas described in Adams et al., 2006 . Table 2 shows the results of the reliability test. It is widely known that the Cronbach's alpha test evaluates the inter-correlation between the included elements (Hogan, 2004) . In our case, the general Cronbach's alpha is 0.911 for all the elements in the survey. Regarding each area, the minimum value obtained is 0.516. Based on the minimum standard values for a Cronbach's test (Rosenthal, 1994) , we determined the reliability of the elements included in the survey.
The discriminant validity test is a correlation analysis applied to the seven constructs generated by the 32 statements included in the survey, i.e., the seven IMA. The results with a significance level of 99% show that no constructs are perfectly correlated, therefore validating the information. Table 3 shows the obtained results. 
Fuzzy Analysis
Once the results of the survey have been validated, we suggest a fuzzy analysis following two procedures. The first is the application of the theory of expertons to generate a single representative value for the opinions of the managers regarding each of the 32 statements included in the survey. The second consists of the calculation of the IGOWA operator to aggregate the results of the expertons into the seven innovation management measurement variables considered in the study.
Expertons Analysis
The objective of the experton analysis is the development of a single representative value of the 91 subjective opinions of the SME managers in relation to the 32 statements presented in the survey. The general procedure can be described as the following set of steps:
Step 1.1. From the information obtained in the survey, i.e., the subjective opinion of each manager within the interval [0,1], with 0 being complete disagreement with the statement and 1 being complete agreement with the statement, we construct the expertons.
Note that the information could be presented in discrete numbers, intervals, and triplets, among others (Kaufmann and Gil-Aluja, 1993 ).
Step 1.2. We start by calculating the absolute frequencies, i.e., the number of experts who consider the same value for each statement of the survey. Next, we calculate the relative frequencies, i.e., divide the absolute frequencies by the total number of experts.
Finally, we generate the accumulated relative frequencies (we sum from = 1, the relative frequencies in an accumulated way until = 0) (Kaufmann, 1988; Kaufmann & Gil-Aluja, 1993 ). The result is the experton for each level.
Step 1 
IGOWA analysis
Once we obtained the expected value for all of the expertons, the next step is the application of an aggregation operator. This calculation allows us to generate overall results for the seven innovation management areas (Adams et al., 2006) : innovation strategy, knowledge management, project management, portfolio management, internal drivers, organization and structure and external drivers.
For our specific problem, we choose the IGOWA operator (Merigó and Gil-Lafuente, 2009 ). The main advantage of this operator is the aggregation of information considering a highly complex attitudinal character from the decision makers, which in the case of innovation management is greatly required. The steps to generate the aggregation using the IGOWLA operator can be described as follows:
Step 2.1. We first need to describe the parameters to be introduced in the aggregation process. In our case, we choose the parameter = −3. Table 11 presents the collective weights assigned to the ordering of the arguments. Because of the complex attitude of the decision makers, Table 12 presents a set of order-induced variables that take part in the reordering mechanism. Note that in our case, vectors and are set by the preferences of five experts in the areas of public policy. The primary intention is to have a closer approach to the specific environment of the city and the surveyed SMEs. Step 2.2. Calculate the operator following the formulation of the IGOWA operator by Eq. 5 and the information from step 2.1. Figure 1 presents the results for our specific problem.
Figure 1. IGOWA results
Step 2.3. Generate a ranking of the aggregated results. In our case, we can observe that:
≻ 5.
Note that the symbol ≻ means preferred in our case.
It is interesting to note that the results could be extended; however, they are subject to specific conditions. The first is the environment in which the managers of the SMEs operate, and the second is the specificities of the variables utilized in the methodological approach, i.e., the characteristics of the IGOWA operator.
Conclusions
In this paper, we present a methodological structure for innovation management measurement under a fuzzy approach. We collect data from a survey based on one of the latest innovation management frameworks and treat it using the theory of expertons and the IGOWLA operator. The main advantage of this approach is the expertise process, which is designed to work with uncertain and subjective opinions directly from the From a managerial perspective, diverse reasons justify the need for assessing the measurement of innovation capabilities in SMEs. In a highly changing environment, the correct evaluation of companies' capabilities to introduce and maintain continuous change can signify competitive advantages in terms of cost reduction, increment on products' life cycles, increment in sales and a global market perspective. The dynamic capabilities' based view of this research also has implications for academia -first by introducing tools for the treatment of uncertainty in the field of innovation management measurement and second by assessing an empiric study of innovation management measurement frameworks that considers a broad perspective of the latest studies' key performance measurement areas.
There are several limitations to this study. One is the focused perspective used in the survey, specifically the statements that need broadening in order to obtain a better understanding of the insights of innovation management. Another limitation is the dynamism of the environment, which requires exploration in several points of time to generate accurate results. Finally, the surveyed companies were treated with the same level of importance; however, they cannot always apply to innovation management, as there are several factors that could affect the performance of highly innovative firms that need to be properly examined.
Further investigation needs to be conducted, both to minimize the observed limitations but also to improve the decision-making process by adding new tools for the treatment of subjective and uncertain information, e.g., the inclusion of interval numbers (Moore, 1966) , fuzzy numbers or linguistic variables (Durbach and Stewart, 2012) . Other examples include uncertain aggregation operators (Merigó et al., 2014) , such as the uncertain generalized weighted average (UGWA) operator, the probabilistic weighted average (PWA) operator, and the uncertain generalized probabilistic weighted average (UGPWA), among others. The main focus for future research should be the highly changing environment of the information regarding innovation management; however, the inclusion of the latest approaches in decision-making under uncertainty can shed some light on the way we treat and understand the complexity of innovation.
